The pressure on the food industry,
Introduction and background
Sustainable consumption and production (SCP) is a key aspect and priority for sustainable development (Defra, 2005) and the food supply chain forms a key part of SCP (GOS, 2011) , which in combination with food security has been of increasing concern (Defra, 2010a) . The pressure has therefore increased on the food production industry, and society as a whole, to evolve towards more sustainable consumption and production of food, particularly with respect to environmental impacts. These impacts accumulate throughout a production chain from primary production, processing, packing, distribution, retail to end use (consumption and waste management). The potential environmental effects are numerous and can have a range of direct and indirect impacts, both positive and negative (Petchey et al., 1995; Skinner et al., 1997; Girardin et al., 2000; Withers and Lord, 2002; Defra, 2003; Pretty et al., 2000 and 2005; Roy et al., 2008; Schau & Fet, 2008; Watkiss, 2009) . The effects/impacts include greenhouse gas emissions and climate change, damage to wildlife habitats and biodiversity, pollution of water, soil and air and consequent degradation of the quality of these media, landscape degradation, the production of waste and its consequent disposal and the consumption of non-renewable or scarce resources. There are also social and economic issues to consider such as worker health and welfare, fair trade and animal welfare, and of course we need to produce enough food to feed a growing global population. Therefore there are significant challenges to reducing the environmental footprint of food production within the context of SCP and food security.
There are a number of drivers that may help reduce environmental impacts including legislative instruments, voluntary agreements between producers and retailers, and shifting consumer demand. One driver that has received attention in recent years is the use of product labels, whereby the environmental 'credentials' of a product are communicated to the consumer. This may be on a single issue (e.g. its carbon footprint) or on multiple issues. In relation to the latter, the concept of omni-standards and omni-labelling has emerged (Lang, 2008; Upham et al., 2011) . Omni-labels seek to convey information on a range of different environmental impacts (and ethical issues), integrating these into a single, easy to understand format and leaving consumers free to decide for themselves which impacts are the most important to them (MacMillan et al., 2010) . However, the science and practice of using labels to drive changes in consumer and industry behaviour is complex and varies according to label type (e.g. some labels are outcome-based and aim to present actual impacts, whereas as others are more practice-based and focus on production standards and practices). There are many issues to tackle including scientific credibility, robustness, and consumer perception of what such labels actually mean and how they are used. There is also a lack of consistency in approaches to labelling which can compound issues. Consequently, there is a need to improve the practicality and efficacy of environmental labels and to understand some of the specific issues that relate to labelling of food.
To address some of these gaps in knowledge and to find ways of improving the practicality and efficacy of environmental labels on food, a study was undertaken for to explore effective approaches to environmental labelling of food products. This paper describes the framework that emerged from this study, which provides a series of interrelated guidelines which aim to provide a basis for developing more effective, robust, credible and practical environmental labels for food products.
The framework

Introduction
Figure 1 provides an overview of the key aspects, interactions and potential role that an environmental label may have. This is a simplified perspective, but it provides a clear basis for understanding how a label may operate in the context of consumers, industry and ultimately the impact on the environment from consumption and production. Figure 1 shows how food labelling can potentially influence both consumer and industry behaviour. In the case of industry, this can be directly (by efforts to meet label requirements) and indirectly via consumer choices. In turn, changes in behaviour in the industry should manifest themselves in changes in practices and ultimately benefits and burdens on the environment. Finally, any environmental label for food needs to credibly and robustly reflect the environmental impact of the product -thus completing the cycle, and a process that hopefully would lead to continuous improvements and progress towards more sustainable food production and consumption.
The principle aim of the framework is to provide a logical and systematic structure for the purpose of either examining existing or designing new environmental labelling initiatives, from the perspective of ensuring labels are credible, robust, practical and effective in relation to their aims and objectives and the key aspects outlined in Figure 1 . Consequently, an interdisciplinary and holistic approach is required to tackle the socio-economic and environmental complexities.
The framework draws upon a diversity of environmental, social and economic aspects that have been explored as part of a wider study (Lewis et al., 2010a and 2010b; MacMillan et al., 2010) . These included the issues involved with respect to scientific and technical approaches to environmental labelling, the potential of labels as a driver for change both in terms of the behaviour of consumers and stakeholders in the supply chain and the likely costs and benefits to the industry. The findings from this work have been distilled into a set of interrelated guidelines that any labelling scheme for food should aim or aspire to address. Although interrelated, the guidelines can be allocated to four broad areas: (1) Objectives and purpose; (2) Mechanisms and drivers; (3) Practicalities; and (4) Communication. Each of these areas are discussed and explored in the following sections and a number of guidelines have been drawn out in each area to constitute the framework.
Objectives and purpose
Firstly, determining the objectives and purpose is a key aspect for any labelling scheme as they fundamentally govern the scheme and thus influence the other guidelines that should be applied. For example, the purpose may be to market 'greener' products to obtain a market advantage and/or a price premium; to raise consumer awareness of the environmental impacts
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of their food and enable more informed purchase decisions; to address specific environmental issues; or all of these. If the purpose of a scheme is unclear or not very transparent, it can result in a confused understanding of what the label represents and thus can undermine the credibility of the label. Clearly this is a fundamental issue and so provides the first 'objectives and purpose' guideline for the framework:
The objectives and purpose of the scheme need to be clear and transparent.
If the purpose of the label is purely for marketing, then the Defra's guidance for making 'green claims' (Defra, 2010b) probably applies rather than guidelines described herein, although there is scope to utilise these guidelines to help support and improve the reputation of a marketingoriented label. However, if the purpose is to reduce or address specific environmental impacts, then some additional guidelines can be applied.
In theory, any environmental label should be based on the most significant environmental impacts associated with the life cycle of a product or the production system from which it was produced. This would be in line with the criteria used in regulations governing the EU eco-label (Regulation (EC) No. 66/2010). However, in reality, the choice of impacts is governed by what can be technically measured and assessed within the confines of a reasonable cost for data collection (see practicality guidelines). It can also be argued that the impact categories should include socio-economic as well as environmental impact categories in order to provide a more holistic perspective and one that relates more to sustainability issues. Sustainability is about striking a balance between environmental, social and economic issues, so labels addressing multiple impacts within all of these areas (such as an omni-label) are likely to be more effective at contributing towards sustainability objectives than single-issue labels. However, this could result in many impact categories, each of which have technical and cost issues associated with them, some of which may prevent those impacts from being included within the labelling scheme. Consequently it is essential to be clear about what environmental (or other) impact areas the label covers, as in many instances it probably will not cover all impacts. This provides the second 'objectives and purpose' guideline:
The impact categories covered by the scheme or label need to be clearly stated.
The choice of impact categories is also governed by what can be communicated in the context of a label (see communication guidelines), which in itself is connected to what the purpose of the label is (Guideline O1). The practicality guidelines also influence what can be communicated, as it may not be possible to cover all the most relevant categories in a single label (due to lack of data, methodologies, expense, difficulties synthesising simple labels, etc.). Therefore it is very important to set out what is covered and what is omitted from the scheme.
In order to judge how effective a labelling scheme is, performance metrics are required by which to judge any changes in relation to the objectives and purpose of the labelling scheme. The metrics may be outcome or practice-based. For example, are there any specific outcomes the label should contribute to, e.g. reducing emissions, improving water quality, etc. or have practices been changed to required standards. Such metrics need to be clearly identified and form the basis for assessing effectiveness. Additionally, these metrics may be part of the labelling scheme itself, in that they may be used as part of the certification process, e.g. adopting certain production practices to meet scheme rules or requirements. As such they are related to the communication guidelines and so it is important to be able to identify how any targets are driving change in relation the scheme objectives (Guideline O1). The metrics are also related to the mechanism guidelines, in that it is crucial to be able to attribute or allocate any changes in the performance metrics to the effect of the labelling scheme when other initiatives may also be having an effect. This provides the third 'objectives and purpose' guideline:
Guideline O3:
The performance metrics need to be clearly identified.
It can be seen from the above that many of the guidelines are interconnected and govern each other. For example, Guideline O3 is strongly related to Guideline O2, and as such it is also governed by what is technically feasible within reasonable costs (practicality guidelines). The purpose and objectives of the scheme also relate to the mechanisms by which the scheme operates.
Mechanisms and drivers
As shown in Figure 1 , some schemes aim to change consumer purchasing behaviour via labelling which in turn may exert market pressure on industry resulting in a change in industry practices. Other schemes aim to directly change industry behaviour, and others aim to influence both consumer and industry behaviour. This is an important distinction, as changing industry and consumer behaviour are distinct objectives and the options that work best for one may not necessarily work best for the other (MacMillan et al., 2010) . Therefore, it is important to be clear about which approach is to be utilised as this may impact upon the guidelines for communication. The choice of mechanism is in itself part of the purpose and objectives of the scheme, and as such is connected to Guideline O1.
Whether the objective is to change consumer behaviour, industry behaviour or both, it is important to understand the drivers and processes involved between the changes that are instigated and consequent environmental impacts. If the linkages and relationships between the points of intervention and end impacts are unknown, then the scheme may be changing consumer and industry behaviour without a full understanding of the consequences. If we return to Figure 1 , there are various points where interventions can be made, which may have an effect on industry and consumer behaviour. In turn, this can have an effect upon industry practices and a subsequent effect and impact on the environment. This 'effect chain' can be simple, but it is often very complex with numerous stressors, midpoints, endpoints and damage categories (Bare and Gloria, 2008; van der Werf, et al., 2009 ). However, in order to determine how effective a labelling scheme is, it is important to know what impact it has at the point of intervention and what the consequences are in relation to the objectives and metrics identified in Guidelines O2 and O3. This provides the first 'mechanisms and drivers' guideline:
The mechanisms by which the objectives will be achieved need to be clearly identified and understood.
It is important to be able to allocate any impacts to the labelling scheme and/or know what other initiatives are attempting to achieve the same objectives. For example, a labelling scheme may promote the more efficient use of nitrogen fertiliser, and at the same time producers may be subject to Nitrate Vulnerable Zone (NVZ) regulations (SI 2008 /2349 & SI 2009 and inspections imposed by the EU Nitrates Directive (Council Directive 91/676/EEC). Similarly a scheme may promote a number of best practices with respect to pesticide use which are also being encouraged, for example in the UK by the Voluntary Initiative (Garratt, and Kennedy, 2006) . Therefore the question arises of how to allocate any observed environmental benefits to the labelling scheme, when the NVZ regulations (and inspections) or the activities of the Voluntary Initiative could also be responsible. Hence, it is important to be very clear about what interventions the labelling scheme is implementing, in relation to other initiatives, and what the specific impacts of the interventions are. This provides the second 'mechanisms and drivers' guideline:
Guideline M2:
The labelling scheme should complement other initiatives that tackle the same issues and clearly identify any additional benefits specifically provided by the scheme.
Practice-based approaches to labelling schemes in the food sector are more common than outcome-based systems (Lewis et al., 2010a) . This is due to technical difficulties in the metrics (Lewis et al., 2010b) and cost and feasibility issues (MacMillan et al., 2010) . However, MacMillan et al. (2010) also identified that outcome-based targets are essential if we are to judge effectiveness, especially with respect to achieving environmental improvements and making progress toward more sustainable consumption and production. Therefore, it is important to understand the role and effect that both process and outcome-based targets have in the context of the labelling scheme with respect to achieving the objectives (Guideline O1). This provides the third 'mechanisms and drivers' guideline:
The role of practice-based and outcome-based targets and drivers and their relationship with the achievement of scheme objectives needs to be clearly understood.
Practice-based targets do have an important role to play, provided they clearly align with the scheme objectives. The targets can provide useful tools by which to judge the performance of the scheme in relation to its objectives. However, the use of practice-based targets as surrogates for the achievement of outcomes should be avoided unless there is very strong empirical evidence providing a clear link between a practice and an outcome. For example when there is evidence (e.g. Monteny et al., 2006) between some practices and reductions in emissions of greenhouses gases. In many instances these are emissions factors and not direct measurements/observations for a specific product, but they are regarded as an acceptable surrogate for reasons of practicality (see Guideline P2). There is also a danger of miscommunication on the scheme label, whereby practice-based targets are used as surrogates for outcomes achieved, even though the outcomes have not been directly assessed or measured in relation to specific products.
Outcome-based metrics and targets can be independent from any particular scheme, such as indicators used to assess the state of the environment. In theory these could be drawn upon as a means of observing any changes in outcomes in relation to the implementation of practice-based schemes. However, there are still issues of correlating practices implemented with changes in outcomes, both with respect to the empirical evidence linking them and also the allocation of what is causing the change in outcome, i.e. what other practices or initiatives may be contributing (Guideline M2).
Guideline M3 is also connected to the communication guidelines, in that achieving targets may form of the process of obtaining the label/certification, and thus may form part of what is communicated. A key part of this process is the concept of continuous improvement, especially for practice-based targets. A scheme should be dynamic and seek to encourage improvements over time through a process of auditing and action planning. Adopting such a philosophy places a business in a more sustainable position by being more able to respond and adapt.
Practicalities
There are number practicalities that govern what can be done within a labelling scheme and consequently govern many of the guidelines presented herein. These practicalities relate to what is scientifically and commercially feasible in relation the benefits that could be realised.
Firstly, there are a number of limitations in techniques available for measuring environmental impacts that arise over the life cycle of food production (Lewis et al., 2010b) . If the objective of the labelling scheme is to contribute towards reducing negative impacts or increasing positive impacts, it is essential that the techniques used to measure and assess these are robust and scientifically sound. If they are not, and inadequate techniques are used, this could be both detrimental to the credibility of the scheme and/or drive the industry in the wrong direction. The use of poor techniques can result in incorrect metrics (Guideline O3) which in turn can result in incorrect targets (Guideline M3). Therefore, it is important to identify the limitations when considering the impact areas that the labelling scheme should cover (Guideline O2) and the metrics that will be used for targets (Guideline O3). When adequate techniques are lacking, then this needs to be acknowledged and the objectives of the scheme adapted accordingly. This provides the first 'practicality' guideline:
Guideline P1: Use the best available techniques for measuring and assessing impacts, that are robust and credible.
In order to present information about environmental impacts within the confines of a product label, a lot of data and information needs to be aggregated. In many instances, especially with respect to damage characterisation in LCA (Bare et al., 2000; Jolliet et al., 2004; Pennington et al., 2004; Sleeswijk et al., 2008; UNEP, 2003) , the techniques for aggregating environmental impacts are not sufficiently robust to use with limited (if any) validation and in some cases are still at a prototype stage (Lewis et al., 2010b) . As such there are technical limits on what can be aggregated. This governs the impact categories that the label can cover (Guideline O2) and what can be communicated. Additionally, the inability to aggregate some environmental impacts to an extent suitable for labelling also contributes towards the lack of feasibility of using outcome-based targets (Guideline M3), and results in the use of practicebased targets and data which is either inherently easier to aggregate or used within a system of pass/fail standards. This therefore provides the second 'practicality' guideline:
Aggregation of impact data should be limited by the techniques available.
The degree of aggregation may also be governed by the objectives and purpose of the scheme (Guideline O1). If the objective is to raise awareness and educate consumers, then highly aggregated information may not be conducive to this objective, and it may be necessary to provide more detail beyond a simple label or stamp of certification.
An important aspect for any scheme is its cost-benefit performance. The benefits of a labelling scheme may be directly financial, such as a price premium, or they may be indirect or external, such as reduced negative environmental impacts or increases in environmental benefits. Therefore, if a scheme is costly to administer, then the potential benefits need to be greater, with the ideal being high benefits with a low administration cost. There are many cost elements attached to labelling schemes relating to, for example:
Staffing, facilities and management; Administration and membership management; Establishing and updating standards; Membership fees and data collection costs; Costs of auditing, inspection and verification; Promotion (advertising, branding, repackaging, graphics, printing, etc.) and consumer support.
Unless the scheme is subsidised in some way, all costs plus a profit margin will be passed to the membership. Therefore producers and industry must be able to clearly identify potential benefits and justify the financial outlay in terms of, for example, increased market share, price premiums, improved customer relations etc.
Research suggests (Bougherara and Combis, 2009; Golan et al., 2001; Melser and Robinson, 2005) that the financial costs to industry may not be recoverable as most consumers do not sufficiently care where their food comes from or what the environmental implications of its production are or, where they do, the price premium demanded is not seen as justifiable. Some market-based evidence (Telsei et al., 2002) indicates that consumers can respond to eco-labels if they can relate to the scheme objectives but there is also strong evidence to show that any financial off-setting of the costs against market share or price premium is related to consumer confidence. When confidence is low (e.g. during a recession) then consumers may not be so willing to pay (Clearlyso, 2009; Beef Magazine, 2009; Carrigan and De Pelsmacker, 2009 ). In addition there are limits to the response that may be expected -not all consumers will respond, and those that do will have limits on how much extra they are willing to pay. Therefore the costs that must be met by producers and industry will ultimately govern what the scheme actually does, the impact categories covered and the metrics used (Guidelines O1, O2 and O3), i.e. if the costs of measuring, assessing, verifying and certifying all the significant impacts of a product exceed what can be recovered from a price premium or greater market share, then the scheme objectives need to be tailored or truncated based on to what costs can be absorbed within the current cost of production.
In many instances data within the production chain are based on emission factors or other estimates rather than measured data (Lewis et al., 2010b) . This is because it is too costly to measure emissions. For example, it would be possible to measure and monitor methane emissions from each dairy cow but this would be vastly expensive (and impractical), and therefore emission factors are used instead (e.g. Jackson et al., 2009) . Whilst this does affect the quality of data that might be used to underpin any label covering greenhouse gas emissions, the use of emission factors provides a more feasible and affordable approach. The use of emission factors, in effect, links practices to outcomes using good empirical evidence, thus addressing the issue raised in Guideline M3 of connecting practices to outcomes. Ideally, all the practicality guidelines should to be considered in conjunction with each other, resulting in the use of techniques that are both the best available (scientifically) and cost-effective.
Outcome-based metrics (Guideline M3) are usually costly to measure and assess but in order for them to be credible they need to be actually measured using robust techniques rather than being based on emission factors. Consequently, there is an inherent conflict between costs and credibility. However, over time, there may be scope to improve the methods and techniques that are available, including those that provide good empirical links between practices and outcomes (discussed above). In so doing, scheme compliance requirements can be refined and made more specific with respect to the activities and practices that need to be monitored and reported.
The above provides the third 'practicality' guideline:
The financial cost of establishing, administering, managing and participating in the scheme needs to be equitable and commensurate with any potential benefits.
The final practicality guideline is related the third but refers to indirect and hidden costs, and 'nuisance' issues associated with membership of such schemes. It is also strongly governed by the objectives and purpose of the scheme (Guideline O1), as this will define the potential benefits. It may be that the actual financial costs are bearable and the benefits understandable but these must not be outweighed by over complex or bureaucratic processes. A number of these issues have been raised by industry (MacMillan et al., 2010) . For example, the amount of paperwork required -this is often a duplication of that required for other schemes and there is often little data sharing occurs because of confidentiality issues. Site visits and inspections also present a burden -where a producer or organisation is a member of several schemes and initiatives many such site visits may be required all of which gather similar data. Collecting the data itself may also be time consuming or complex. There can also be an unfair burden on smaller businesses as they do not have the capacity of deal with the burden of a scheme in comparison to larger businesses.
The scheme should be kept as simple as it needs to be in order to deliver its objectives and the amount of burden placed on producers and industry must be considered. Hence the fourth 'practicality' guideline:
The burden on industry with respect to scheme application, administration, bureaucracy, verification and inspections needs to be equitable and commensurate with any potential benefits.
Communication
The final group of guidelines relate to communication aspects of the labelling scheme and thus form the interface between all the data and information gathered within the scheme and the end audience, which may be different depending on the purpose, objectives and the mechanisms by which the scheme operates.
Changing consumer and industry behaviour require different approaches (MacMillan et al., 2010) . For example, detailed information on environmental impacts is probably more suited for communication within the industry, such as the use Environmental Product declarations (EPDs) (IEC, 2008) , whereas simpler labels may be more suitable for consumer communication.
However, it also depends on the purpose of the label, as in some instances more detailed information may be required, for example by consumers with more pro-environmental attitudes (Defra, 2008) who are already well-informed about the environmental impacts of food. As such the approach to communication is governed both by the objectives and purpose of the scheme (Guideline O1) and the mechanisms by which the scheme has chosen to operate (Guideline M1). Consequently, the first 'communication' guideline acknowledges that different approaches may be required depending the objectives, mechanisms and target audience:
Guideline C1: Approaches to communication should be different depending on the target audience.
A label is always going to be a simplified means of communicating something that is, in reality, far more complex. Therefore some degree of aggregation will be involved. However, highly aggregated information on environmental impacts can often be meaningless (Blanc et al., 2008; Booysen, 2002; Salzman, 2003 Guideline C2: Communication of impacts should be based on data that has been credibly and transparently aggregated.
There are many different ways in which impacts could be communicated on a label. For example, it could be a single label to reflect that the product has met a set of standards (process or outcome-based) or a label that reflects the relative impact in a range of impact categories (like a traffic light system). However, the approach taken should relate back to the purpose and objectives of the label (Guideline O1), in that the purpose of the label may dictate how it is communicated. For example, if the purpose is to raise awareness and educate, then more information may need to be provided on the label, beyond a simple 'kite mark', 'tick' or 'stamp'. In such instances it may be appropriate to provide detailed information. It may be incorrect to assume that consumers need simplified information as people who use labels may already understand them and the others may not use them no matter how they are simplified (MacMillan et al., 2010) . This guideline does not dictate any particular design principles for a label, simply that the label should be 'fit for purpose', i.e. designed to meet the objectives of the scheme in the simplest way possible. This provides the third 'communication' guideline:
Guideline C3: Methods of communicating impacts on a label should be as simple as possible.
The final communication guideline relates to the boundaries of the scheme. Consequently there strong connections with the 'objectives and purpose' and 'mechanisms and drivers' guidelines, for example the impact areas it covers (Guideline O2). There are examples of carbon labels (that promote a single environmental impact i.e. reduction of greenhouse gases or carbon neutrality) that use this as a basis to claim their product has no environmental impact (implying multiple issues are being addressed). If the label only covers one impact area, this should be clear and not ambiguous. Additionally, the system to which the impacts are related requires clear definition i.e. is it a particular brand (e.g. LEAF Marque), a full process life-cycle (production to consumption) or just a sub-process such as manufacturing or on-farm production. This may be governed by the purpose and objectives of the scheme (Guideline O1). Also, the functional unit of any impacts needs to be clear (Lagerstedt et al, 2003; Martínez-Blanco et al., 2010; Smith Cooper, 2003) , e.g. per unit weight purchased, per portion as sold, per area of production or per harvested weight. This may be governed by the purpose and objectives of the scheme (Guideline O1). Finally, in relation to Guideline M2, it is important that the labelling scheme complements other initiatives that are tackling the same issues, and to not lay claim to being the sole cause of any benefits. Consequently this provides the final 'communication' guideline:
Guideline C4:
The boundaries of what the label covers needs to be clearly communicated. Table 1 lists all fourteen of the guidelines that have emerged above from the four groups. The objectives and purpose of the scheme need to be clear and transparent.
The complete guidelines and framework or practical and effective environmental labelling of food
O2
O3
Mechanisms and drivers M1
M2
M3
Practicalities P1
Use the best available techniques for measuring and assessing impacts that are robust and credible.
P2
Aggregation of impact data should respect the limits of the established techniques that are available (i.e. data should not be aggregated to the extent that it becomes meaningless).
P3
The cost of establishing, administering, managing and participating in the labelling scheme needs to be equitable and commensurate with any potential benefits.
P4
The burden on industry with respect to scheme application, administration, bureaucracy, verification and inspections needs to be equitable and commensurate with any potential benefits Communication C1
Approaches to communication should be different depending on the target audience.
C2
Communication of impacts should be based on data that has been credibly and transparently aggregated.
C3
Methods of communicating impacts on a label should be as simple as possible.
Guideline Title C4
The boundaries of what the label covers needs to be clearly communicated.
As has been discussed above, an important aspect to acknowledge is that many of these guidelines are interlinked, and these links determine the practicality and effectiveness of any potential or existing label. Figure 2 shows the interrelationships between the guidelines and it can be seen that the relationships are complex. However, explicitly highlighting these interrelationships provides a better understanding of what constitutes a practical and effective label as this is dependent on some of the choices that are made within each of the guidelines.
Figure 2: Interrelationships between the guidelines (the "cats-cradle")
The 'cats-cradle' diagram ( Figure 2 ) provides a holistic means for exploring and assessing the practicality and efficacy of an environmental labelling scheme. It explicitly highlights the different aspects and guidelines that need to be considered in conjunction. For example the purpose and objectives of a schemes (O1) relate to the mechanisms (M1) by which the scheme will aim to achieve those objectives, which also relates to the end audience (C1); or the performance metrics (O3) will be governed by the techniques available (P1), which in turn will also govern the impact areas covered by the label (O2) and thus the communication of what the label covers (C4).
Application of the framework
To illustrate how the framework can be applied it has been used to assess four different existing schemes. The schemes are Stichting Milieukeur in the Netherlands (Liefferink, 1996; Andersen and Liefferink, 1997; Zito, 2000; CPI, 2008 guidelines, therefore their compliance with each guideline has been scored 0 to 5 (where 0 corresponds to failing to meet the guideline and 5 is full compliance). The results are shown in Table 2 . Table 2 shows that all the schemes have clear objectives and purpose. Earthsure and Indice Carbone both have clear impact areas that they cover, with Earthsure having a range of impact categories and Indice Carbone focusing on just greenhouse gas emissions. Stichting Milieukeur and LEAF Marque do not clearly state impact areas as they are both practice based, although the practice-based standards of Stichting Milieukeur are a little more formalised with respect to relating back to impact categories for product categories. The practice-based approach of Stichting Milieukeur and LEAF Marque is also reflected in the low score for performance metrics, whereas Earthsure and Indice Carbone both utilise standardised approaches in their performance metrics which focus on environmental effects and outcomes.
All the schemes have clear mechanisms on how they aim to meet their objectives. Stichting Milieukeur and Indice Carbone focus on influencing consumer behaviour. Earthsure and LEAF Marque focus more on changing industry behaviour, but also aim to influence consumer behaviour to a lesser extent, and as such this results in a slightly confused mechanism. Stichting Milieukeur and Earthsure do not actively compliment other initiatives tackling the same issues. Indice Carbone is consistent with the French Grenelle de l'environnement regulatory approach (Grenelle de l'environnement, 2010) so forms part of a broader approach to solving environmental problems. LEAF Marque integrates with other farm assurance schemes, such as Assured Food Standards (AFS), and also takes into account other initiatives such as cross compliance (RPA, 2010) and entry level stewardship (Natural England, 2010) in order to compliment these. Both Stichting Milieukeur and LEAF Marque aim to bring about improvements in the environmental impact of their products by changing farming practices and hence their targets are practice-based and potential environmental impact is not assessed. In case of Stichting Milieukeur, their principle mechanism is to change consumer behaviour, so not using outcome-based targets results in poor performance for Guideline M3. However, the principle mechanism for LEAF Marque is to change industry behaviour, so practice-based targets are more appropriate and hence its performance for M3 is better, but the lack of assessment of impacts in relation to its aims is still a weak point. Earthsure and Indice Carbone both utilise outcome-based measures and drivers which are used to communicate impacts to both industry and consumers.
Stichting Milieukeur and LEAF Marque do not utilise any impact assessment techniques, so they score zero relation to use the best available techniques. Earthsure and Indice Carbone both use standard and relatively well established techniques for calculating impacts. Earthsure covers a broad range of impact areas, and thus in some instances uses techniques that are less well tested and established for some impact categories , whereas Indice Carbone's focus on a single issue of greenhouse gases utilises one of the most established techniques of all impact categories. This picture is also reflected in the techniques used for aggregation. Stichting Milieukeur, Indice Carbone and LEAF Marque all perform well with respect to costs of participation and administrative burden. Stichting Milieukeur has been established for many years and appears to be financially sustainable. The costs of participating in LEAF Marque are relatively low and the any administrative burden is often coupled with management benefits (e.g. completing the LEAF audit can be beneficial from a management perspective). Indice Carbone is fully financed by the CASINO group so there are no direct costs or burdens of agricultural producers. Earthsure is a costly scheme to participate in and as it is relatively new its long term financing remains uncertain, and it is also unclear if the costs of participation can be recouped from improved sales for example.
All the schemes do well with respect on communicating with their respective and different target audiences. The techniques used by Earthsure and Indice Carbone for aggregating data are using the best available techniques and are relatively transparent, especially in the case of greenhouse gas emissions. There are some issues for all the schemes in relation to whether what is communicated is as simple and fit for purpose as it could be. In the case of Stichting Milieukeur, impacts are not communicated and the label just indicates that the product standard has been met. The total and average scores for the schemes overall are presented at the bottom of Table 2 . This shows that, on an un-weighted basis, the outcome-based schemes of Earthsure and Indice Carbone appear to perform better overall in relation to the guidelines than the practicebased schemes of Stichting Milieukeur and LEAF Marque. It could be argued that some of the guidelines are more important than others and this importance could vary between schemes depending on their objectives. If some guidelines were given more weight on this basis, then a different picture may emerge. However, in this instance the scores have not been weighted in order to maintain a more objective approach. It is also apparent that the higher scoring schemes are not without their weaknesses. In the case of Indice Carbone it is restricted to just the single issue of greenhouse gas emissions. In the context of developing more sustainable production, all impacts should ideally be considered so that one impact is not pursued and improved at the expense of another. Earthsure does cover a broader range of impacts, but there are questions over its financial sustainability and administrative burden -it may be potentially too costly to implement in relation to the benefits that it delivers. Additionally there are some questions that could be raised with some of the less well established techniques used for some impact categories (Lewis et al., 2010b) . Stichting Milieukeur and LEAF Marque are both more practical to implement and less costly. However, there are issues associated with what impacts they cover and how this is communicated. The lack of outcome-based metrics and targets may also mean that little progress is made towards actually improving any environmental impacts or any progress is not demonstrable.
The framework has clearly identified the differences between the outcome and practice based schemes and has to some extent looked more favourably on those that have a more outcomebased approach. This is because the framework is endeavouring to highlight schemes that are practical, effective, robust and credible. A more detailed assessment, and one which perhaps applies weightings to the different guidelines, might reveal a slightly different picture, but fundamentally the framework has shown an ability to highlight the relative strengths and weaknesses of different schemes and approaches. Practice-based schemes do well in relation to practicality, but they do not score so well with respect to effectiveness (as this is largely unknown) and consequently this raises doubt over credibility and robustness. Therefore it seems that practice-based schemes need to be improved to the extent that they can demonstrate they are effectively delivering outcomes, and outcome-based schemes need to be made more practical and less costly, so that any outcomes delivered are commensurate with the cost of delivery.
Discussion and conclusions
One of the key conclusions of the wider study from which the framework has emerged (Lewis, et al., 2010b) is that currently the science is not sufficiently robust to develop an outcomebased, environmentally broad, omni-label. This is critical to acknowledge, as it highlights that any 'environmental' label probably does not cover all environmental issues. Additionally, in relation to this, it should be noted that the costs of outcome-based, environmentally broad, omni-label may incur could be unacceptably high in relation to the potential benefits that could be realised, particularly since there is lack of evidence on how effective labels are as a tool to stimulate change. However, despite the deficiency in the science, it is anticipated that there will continue to be a role for environmental labelling alongside other initiatives to improve the sustainability of food consumption and production. This is also reflected in the fact that the amount of work that is ongoing regarding environmental labelling, including food labelling, is increasing worldwide despite the limitations (Lewis et al., 2010a) .
Labelling does have potential to influence the behaviour of some consumers and can help to encourage producers and manufacturers to reduce their environmental impact. However, the mechanisms by which environmental labelling works are complex and subject to multi-faceted challenges, as illustrated by the 'cats-cradle' of interrelationships in Figure 2 . Some of these limitations can be addressed by businesses and third sector organisations involved in labelling, some would require government to take action, while others, such as aggregation problems, are intrinsic to labelling and are likely to persist. However, it is clear that while well-developed environmental labelling can be expected to support consumer awareness of environmental issues and advance best practice in industry, it should not be expected to achieve substantial improvements in performance across the sector on its own. Labelling should be part of suite initiatives that have common goals and complimentary approaches. This will undoubtedly involve public, private and third sector stakeholders working together, with government providing regulatory baselines and facilitating harmonised techniques and the private and third sector providing innovation and sector specific approaches to meet the requirements of the food industry. Just as holistic thinking is required for sustainable development, an integrated and harmonised approach to labelling is required which, in tandem with other initiatives, will help make progress towards more sustainable consumption and production.
The framework and guidelines presented herein have taken all of the issues above into account and attempted to present them in a logical, holistic and systematic way. In so doing it provides a common reference for all stakeholders to explore and assess labelling schemes and make any limitations (such as those outlined above) transparent. It therefore has potential to facilitate the evolution of labelling schemes that are more robust, credible, practical and effective, and do so as part of broader efforts across industry, government and the third sector to address the challenges of sustainable consumption and production and food security that lie ahead.
